Ranking of work or feasible investments is one of high-importance keys
Introduction
The world oil crisis of the seventies has lead to important changes regarding energy resources and their exploitation. In the nineties, there was an increased focus on reducing the negative effects that the massive and uncontrolled use of the fossil fuels had on the environment. The beginning of the 21st century brought along new technologies in the green energy [29] .
In recently have been recognized the value of wind power as a major renewable energy source for long term; because wind is free, clean and renewable [27] .
Wind power one is the most deserving of all cleaner energy production options from technical, environmental, socio-economical and sociopolitical standpoint (geothermal, solar, tidal, biomass, hydro) for more widespread deployment [20] .
The wind energy is one of the most widely exploited and rapidly evolved types of renewable energy [26] .
The World Wind Energy Association (WWEA), claims that a capacity of the wind energy reaching a total value of 1900 GW is likely before the year 2020. China, USA, Germany, Spain, India and other countries, especially Eastern Europe, as well as many Asian countries and Latin America are expected to demonstrate a significant growth in this market [28] .
Europe is the absolute leader in building the offshore wind turbines. One of the key reasons for building the offshore wind turbines is a lack of territory, suitable for the onshore stations. This situation is highly relevant in densely populated countries, such as Germany, Denmark, and Netherlands.
Report of The Wind Energy European Association, on the European level, generated a more detailed estimate for the year 2020 [21] 14-17% of the entire EU energy request shall be generated by the wind energy production; Reduction of CO 2 emission by 333x10 6 tons annually. European Wind Energy Association estimated that in 2030 the offshore wind turbines will generate more energy compared to the onshore wind turbines.
Lithuania, being a member of the EU, should execute its assumed obligations related to this field. It is anticipated that in 2020 the wind turbines may produce 10 percent of all the electric power consumed in Lithuania. This means that the country should establish favorable conditions to build the wind turbines with a total power of 500 MW [11] .
Onshore wind energy technology is more mature than offshore, but nowadays, there is a considerable trend to the establishment of offshore wind farms [26] . Offshore wind power as an upcoming technology and growing business to deliver renewable energy with no
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Wind energy is clean and inexpensive, but space for the turbines is becoming scarce, which makes offshore wind an attractive choice. Therefore, offshore wind power has recently been widely focused on and developed, as it is reliable, intensive, and its source is abundant and offers vast offshore areas. It can not only ease reliance on oil and cut down emissions, but also stimulate the marine economy development and offer job opportunities [10] .
Offshore wind farms present higher investment, operational and maintenance cost, the significant offshore wind resource potential, the higher quality wind resources located at sea, the ability to use even larger wind turbines due to avoidance of certain land and the ability of construction of even larger power plants than onshore, as there is no geographical "limit", form the primary motivations of developing offshore wind energy [26] .
Development of such farms is highly promising for the distressed coastal regions, with the fishery businesses and shipbuilding companies closing down. In order to select a suitable offshore territory for construction of the wind turbines, the entire marine area should be mapped out in detail.
The offshore wind energy farms compared to the onshore wind farms have advantages [13] as follows:
Wind is stronger and steady, thus energy content is greater by 40%; Invisible from the shore, thus no issues of visual or noise-related disturbances; Territorial restrictions may be avoided; Greater power generation; Better connection of electrical network; Lower wind turbulence means lower depreciation of installations and almost maintenance-free operation. There exists main negative aspects for the offshore wind turbines:
Higher project implementation costs; More expensive substructure (groundwork); Adverse weather conditions obstruct construction works; Limited industrial experience; Higher requirements for corrosion resistant materials, i.e. exposure to salt, water, and air;
Safety and effect issues on flora and fauna as well as natural habitats.
Selection Criteria for Wind Farm Locations
The offshore wind turbines opened new possibilities for service and public utility service sectors as well as a labor market. Problem of selection construction for sites wind farms is both economic, technical and management problem. Good location's selection leads to success of wind farms construction. There are three key factors influencing the location of wind farms as follows: wind energy output, grid availability and construction conditions [15] .
Having completed a thorough collection of data, entire information is processed in order to select a potential and appropriate location for the wind farms -a multiple criteria analysis is conducted.
The choice of energy generation is multicriteria decision-making process made up of a number of aspects at different levels [3] .
In order to analyze potential locations for construction of the wind turbines, it is necessary to gather and process the data, defining very detailed features and parameters of a specific location intended for construction. These data can be divided into two main categories [14] :
Information on the restricted areas within the region of interest; Information on the relevant characteristics in the region of interest. The first group is includes all the exceptions that occur in the marine area being studied, either natural or human imposed, that restrict the use of a particular region. These areas are used to define exclusion areas, and as a consequence are not used in the analysis [14] :
Harbour entrances and navigation routes; Areas with environmental restrictions; Oil and gas extraction; Military exercise areas; Underwater cables; Sand and gravel extraction; Marine archaeology sites; Landscape and seascape as public heritage.
The second group determines all the technical constraints that will allow evaluating the locations regarding its suitability for the deployment of wind and wave energy conversion systems [14] 
Application of Permutation Method for Multi-Criteria Analysis
To solve the problem was selected the permutation method. The permutation method uses Jaquet-Lagreze's feasible permutations of all possible rankings and alternatives [6] . When applying this method all permutations of alternatives according to their preferability are checked and compared among themselves [30] . This method allows dealing with quantitative data as well as with data expressed in words (lexicographic defined data) and enables us define the most appropriate ordering of alternatives. The method was developed by Paelinck [16] . Suppose a number of alternatives (a i ,i=1,2,...,m) have to be evaluated according to attributes (x j ,j=1,2,...,n). Decision making matrix is a set up according to the form [24] :
For a solution of problems there exists an obligatory set of criteria weight coefficients w j :
The aim is to choose the most appropriate alternative from the m feasible alternatives. That is, one must assign the preferability relationship on the set of alternatives, or what is same, find the rearrangement of alternatives which fit best the system of values [30] .
Let us assume there exists 3 feasible. Then there exist m! =3×2×1=6 permutations [30] :
In case of the checked order of alternatives is π 2 there could to be stated concordance partial order is:
, and the set of discordance partial order is:
. If in ranking (permutation) of alternatives the partial ranking a k > a l appears, it means that x kj ≥ x lj will be rated w j and x kh ≤ x lh will be rated (-w h ).
The ranking of alternatives β g (g =1,2,...,m!) is carried out as described above.
Let us suppose that there is g th permutation:
where a k is preferable to a l . Then to this permutation there is given following evaluation criterion β g : (3) where,
The best concordant ordering is the one which value β g is the largest.
The permutation method requires weights of criteria. For this purpose there was selected AHP (Analytic Hierarchy Process) method. AHP [19] is one of the most popular multicriteria decision-making models. AHP involves quantification based on comparative and relative evaluation. It is one of the most widely used methods to determine criteria weights. All the AHP calculations and evaluations were carried out using a software, MakeltRational [7] . AHP method was suggested by Saaty [18] in 1980. Saaty established 9 objects as the upper limit of his integer scale for multiple pair wise comparisons [25] . Generally we can represent the comparative importance scale of criteria as shown in Table 1 . In the AHP the pair-wise comparisons in a judgment matrix are considered to be adequately consistent if the corresponding consistency ratio (CR) is less than 10% [18] . 
Tab. 1: Comparative importance scale of critetia

Intensity of importance Definition
Case study
With the issues arising due to a limited use of the land, noise generated by the wind turbines or other issues and seeking to use the entire wind potential of the Baltic Sea, an option of the offshore wind farms is highly appreciated. At present tame there is no built offshore wind farms in Lithuania. The international project "Development Prospects of Offshore Wind Energy in Marine Areas of Lithuania, Poland and Russia (POWER)", was identified in 2008 the marine area and an exclusive economic zone of Lithuania a potential region for construction of the wind farms [22] .
It is stated that waters belonging to the Republic of Lithuania may shelter five wind farms. The main objective of the task is to establish a sequence for the wind turbine construction, a total power of which would approximately reach up to 1065 MW. Fig.1 presents a preliminary layout of the wind farms [5] .
Fig. 1: Preliminary layout of the wind farms
Source: The model for economical feasibility study of offshore wind power parks [22] The key criteria were selected for multicriteria analysis:
x 1 -area of the territory (km 2 ) -Area covered by the wind farms. x 2 -water depth (m) -The water depth at the site is a very strong technical limitation and site evaluation. Within the technically admissible range typically the shallower the water depth the most suitable the location, as it usually means reduced construction costs [14] . x 3 -distance to shore (km) -The distance to shore is measured in straight line, as it is meant to evaluate the cost of the submarine cable that connects to land [14] . The criteria weights were determined by the AHP method based on the answers of 11 experts. According to the data obtained from the interview in Table 3 , one can construct the matrix A and further calculate the weight of every criteria, the maximum eigenvalue (λ max ), the consistency index (C.I) and the consistency rate (C.R) as follows. An examples show for one expert:
Based on 11 expert answers criteria weights were determined as follows: w 1 =0.098, w 2 =0.103, w 3 =0.074, w 4 =0.088, w 5 =0.118, w 6 =0.211, w 7 =0.246, w 8 =0.062.
The establishment of preferences of alternatives according to the set of quantitative and qualitative criteria was performed using the method of permutations [4] , [8] , [30] , [31] .
At five feasible alternatives of wind farms there can be 5! =5×4×3×2×1=120 permutations. The calculation process shortly is presented in Table 4 .
Tab. 4: Feasible permutations and calculation process of evaluation criterion (part 1)
The value β 117 =1.705 is the largest. Hence, the permutation should be regarded as the most rational and on its base a series of wind turbine park alternatives according to their preferences should be constructed.
Conclusions
During the last past years, the wind energy has become a widely used source of energy seeking to maximize a use of renewable energy sources compared to fossil fuel or nuclear energy. For this reason, the wind farms is a highly relevant issue, which should be analyzed in-depth in order to prosper with technologically and economically effective production of the wind energy without harming the environment and wellbeing of the society.
Executing obligations to the European Union Lithuania has been highly interested and focused on renewable energy sources and wind energy in particular. Seeking a greater and more effective use of the wind turbines, it was determined that an option of building the wind farms in the Baltic Sea does really exist. Considering the experience of other countries, the offshore wind turbines feature a great potential.
The marine area, belonging to Lithuania, might potentially shelter five wind farms, a total power of which might approximately reach 1065 MW.
Calculations were made in order to estimate the best sequence for the wind turbine construction related process. Having the key criteria identified (investments, amount of energy per year, max power on the area, water depth, area of the territory, average wind velocity, distance to shore, CO 2 ) and using the permutation method, a construction sequence for the wind farms in the Baltic Sea, close to the costal lines of Lithuania, has been established
Having all of the possible wind farms built over the years, Lithuania would not only execute its obligations to the European Union, but would also contribute to building its energy diversification.
